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A COMPUTER AIDED DESIGN SYSTEM FOR THE 
CREATION OP BASIC Q-GERT SIMULATIONS 
by 
EILEEN HULL PLEBANI 
ABSTRACT 
This thesis presents the features of a computer 
aided design system for use in creating Q-GERT 
simulations. The system was designed for 
implementation on an APPLICON graphics system. The 
design system makes extensive use of the major APPLICON 
system features of tabletizer terminal, digitizer 
tablet and stylus, raster CRT display, alphanumeric 
keyboard, and digital plotter. The design system makes 
use of APPLICON AGS/880 system software in the creation 
of the Q-GERT graph and makes use of the AGS/881 
FORTRAN interface in the reduction of the graphics to 
Q-GERT source code. The output of the system is 
executable Q-GERT source code. The thesis presents the 
function keyboard menus and tablet menus and their 
associated system macros which are used as the major 
user interface in the construction of Q-GERT network. 
vi 
1.. Overview: 
This thesis describes a Computer-Aided Design 
System for use in the development of Q-GERT 
Simulations. The system was designed using the 
Applicon Graphics System In the Lehlgh University 
Industrial Engineering Computer Aided Design 
Laboratory. The following sections give a brief 
overview of the system features and design motivation, 
1.1 Q-GERT' 
Q-GERT is a simulation methodology which employs 
an activity-on-branch network philosophy. Q-GERT 
networks consisting of nodes and branches are used to 
depict the logical structure of the simulation and to 
identify its critical parameters*. Branches represent 
activities that involve a processing time or delay. 
Nodes are used to separate branches and represent 
milestones, decision points, or queues. Many nodes are 
provided with different logical features in order to 
allow the modelling of complex systems. Flowing 
through the network are items referred to as 
transactions. Transactions are directed through the 
networle according to the logical characteristics of the 
nodes. Transactions can represent physical objects, 
information, or a combination of the two. In the 
design of a Q-GERT simulation an analyst typically 
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draws a Q-GERT network as she is designing the system. 
Since the nodes and branches of a network together with 
their respective labels provide all critical 
information concerning the model, this "picture" of the 
network enables the analyst to "see" the structure of 
her simulation model as she constructs it. This is a 
great improvement over simply writing a set of abstract 
equations and logical relations. Once the analyst has 
drawn the network, she then converts It into a Q-GERT 
source language program. This step is very straight 
forward since there is a one-to-one correspondence 
between Q-GERT network symbols' and Q-GERT source 
language statements. Because of this one-to-one 
mapping, the drawing of the network is a very valuable 
design step. This thesis describes a system which aids 
in this design step using an Applicon Graphics System. 
1.2 Applicon* Graphics system' 
The Applicon system is a computer-aided, 
interactive design system. It uses hardware comprised 
of the following: 
- Tabletizer terminal 
- Central: processing facility 
- Peripheral equipment. 
Software consists of both a system operating 
program and user command and interface programs. The 
system operating program controls the entire system. 
User commands and interface programs aid In drawing 
construction. The Applicon system also provides the 
capability for the user to write her own application 
programs using the AGS 881 FORTRAN interface and the 
882 MACRO interface utilities. These utilities permit 
the system data base to be accessed and modified if 
desired. The system described in this thesis makes use 
of the AGS 881 FORTRAN Interface utility. 
1.3 Q-GERr Conputer-Aided-Design System 
Because the design of Q-GERT simulations is 
primaily a taste of node type selection and placement, 
the simulation designer spends much of her time making 
crude drawings of the simulation structure and 
constantly revising them by erasing and/or redrawing. 
This type of- design method Is exactly the type where an 
Interactive graphics system can be of tremendous 
advantage. In much the same manner as a mechanical 
engineer who uses the graphics system in the creation 
of engineering drawings, the simulation design engineer 
can create a Q-GERT network by using a somewhat trial 
and error approach to component selection and 
placement. The complete simulation design procedure 
3 
procedes similar to the following: 
1. The engineer conceptualizes the structure of 
the simulation model in much the manner that 
she does now. This is the "pure think" part 
of the process* 
2. The engineer sits at the graphics terminal 
and creates' a graphical representation of 
the concepts formulated in step 1. This 
involves the selection, placement, and 
labeling of all Q-GERT components needed for 
the simulation. 
3. Once the simulation has been created, a 
"hard copy" may be created using the system 
plotter. This is useful for documentation 
and also to study details of the entire 
simulation that may not be apparent on a 19 
inch graphics screen. 
4. Once the engineer is satisfied that the 
simulation is correct, she envoKes an 
application program created as part of this 
thesis research. This program win access 
the graphics data base, analyze the 
simulation drawing, and construct a Q-GERT 
source language simulation program. This is 
of tremendous benefit to the engineer since 
the mechanical aspects of this phase are the 
most tedious part of the simulation design 
process. 
5. The Q-GERT source language program created 
in the previous step will then serve as 
input to the Q-GERT simulation package which 
is resident on the CDC Cyber 720 computer. 
For purposes of this research/ the program 
will, be entered into the Cyber 720 via 
terminal using the listing produced by the 
Appllcon. The creation of a direct link 
between the Applicon system and the Cyber 
720 is not part of this research, although 
such a link presents few technical 
difficulties. 
The system: just described is a significant improvement 
to the Q-GERT simulation design process. It can free 
the engineer of most all of the mundane work involved 
in simulation development and enable her to concentrate 
on the engineering part of the design process. 
The following chapters describe the system that 
was implemented on the Appllcon Graphics system to 
Implement  computer-aided  design for a subset of 
Q-GERTS. 
2*. Q-GERT' Simulation Concept! 
2.1 Introduction' 
The process of constructing a computer simulation 
Is most often iterative. Steps typical of this 
iterative process are: definition and assumption, 
production of output, review with end client, modify 
definition and assumption, and so forth until both 
model builder and client are satisfied with the model-. 
Because of the Iconic nature of Q-GERT, it is ideal for 
this type of- development process. In particular, It is 
Ideal for such a process if a graplcal design Interface 
can be used in the development of the model. 
Q-GERT employs an activity on-branch network 
philosophy. It allows a model builder to model complex 
procedural systems within a logical framework by 
drawing networks consisting of nodes and branches. 
These nodes and branches are used to depict the logical 
structure of the simulation and to identify Its 
critical parameters. 
Branches represent activities that Involve a 
processing time or delay. Nodes are used to separate 
branches and represent milestones', decision points, or 
queues. Many nodes are provided with different logical 
features. Flowing through the network are items 
referred to as transactions. Transactions are directed 
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through the network according to the logical 
characteristics of the nodes. Transactions can 
represent physical objects, information, or a 
combination of the two. 
To design a Q-Gert simulation an analyst typically 
draws a: Q-GERT network as the major If not the sole 
design step. Since the nodes and branches of a network 
together with their respective labels provide all 
critical Information concerning the model, this 
"picture" of the network enables- the analyst to "see" 
the structure of the simulation model as it is 
constructed. Once the network has been drawn, the 
analyst describes the newtwork to the Q-GERT digital 
computer program using basically a one-to-one mapping 
of the Q-GERT Symbols to Q-GERT source code. The 
Q-GERT analysis program is then used to simulate the 
described system and to obtain pertinent statistics. 
Figure 2-1 gives an overview of the Q-GERT modelling 
procedure. 
2.2 Q-GERT Symbols 
A Q-GERT network is a graphical representation of 
a process and flow of transactions through the process. 
Transactions are directed through the network according 
to the branching characteristics of the nodes. 
Branches, which represent the passages of time, are the 
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Q-GERT 
Network Symbols 
Figure 2-ii Components of Q-GERT Modelling Procedure 
graphical representation of activities. A service 
operation, for example, is an activity and is modeled 
by a branch, Cach branch starts on node and terminates 
on a node. The branches are described by four 
parameters. One parameter indicates the conditional 
probability that a branch has- taken, A second 
parameter represents the time required to accomplish 
the activity that the branch represents. The third is 
the number of servers and the fourth is the activity 
number. Inserting the activity description Information 
on the Q-Gert branch results in the graphical portrayal 
shown In figure 2-2. 
If the server is busy (represented by an ongoing 
service activity) an arriving transactions must wait at 
the corresponding queue node. The parameters of the 
queue node specify the Initial and maximum number of 
.units in permitted in the queue and the queue 
discipline. The notation shown in figure 2-3 depicts a 
queue node and service activity, notice the hash marie 
in the lower rlghthand corner indicating a queue. 
There are a number of different logical node types 
permitted in Q-GERT. For purposes- of this thesis, the 
node types are limited to determlnlsitlc and 
probabilistic output sides and input sides where the 
initial: and subsequent number of transactions required 
10 
□      o 
Flgurr2-2:  Q-GERT Activity Repr esentation 
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Figure: 2-3: Queue Node Representation 
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Co release the node are specified as node parameters. 
A description of these basic node types is given in 
figure 2-4. 
Transactions that arrive at a queue node when 
there is a limit on the number of transactions 
permitted at the node, are balking transactions. In 
Q-GERT, a dash-dot line is used to protray balking. 
Any non-solid line of a Q-GERT network is used to 
portray direct transfer of a transaction from one noe 
to another. In Q-GERT, non-solid branches do not 
represent activities. The dash-dot branch specifies 
that transactions arriving when the node is full are 
transferred from the queue node to the node at the end 
of the dash-dot line. This is shown in figure 2-5. 
When one service activity routes transactions 
directly to a queue node which has- a limited capacity, 
it may be desired to model the blocking of the server 
until space in the subsequent queue becomes available. 
To provide this modeling capability, a symbol Is 
required to keep the transaction at the first service 
operation and to stop processing by the server until 
space in the following queue node becomes available. 
This situation is considered blocking and is shown in 
figure 2-6. 
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Figure: 2-4j Basic Q-GERT Mode Typ es 
14 
Figure 2-5: Representation of Ballcing Transact! ons 
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Figure: 2-6: Q-GERT Representation of Blocking 
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2«3> Suaaary- of- Basic Q-GERT concepts and terminology 
This section summarizes and Integrates the basic 
Q-GERT concepts and terminology presented. Also, the 
various alternative specifications relating to a 
concept are presented or referenced, 
- Activity: An operation that could delay a 
transaction* 
- Activity Description: information regarding 
the routing of transactions and an activity's 
duration and number. • 
- Activity Time: The time delay Incurred by 
transactions routed through an activity. The 
time could be a sample from a distribution or 
a value obtained from a function prescribed 
for the branch. 
- Balking: The routing of a transaction upon 
its arrival at a queue node because the queue 
node is at its capacity. Routing Is Indicated 
by a dash-dot line which does not represent 
an activity. 
- Basic Mode Types - 
Source   Nodes:   Nodes  from  which 
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transactions are Initially generated. 
Statistics Modes: Modes at which 
statistics are maintained either on node 
realization times or on transaction flow 
times. 
Sink Nodes: A sink node can be used to 
specify stopping conditions for the 
Q-GERT Analysis Program, The release of 
a! sink node could end the processing of 
transactions, that ls> complete the 
process as represented by the network. 
Multiple releases for a sink node can 
also be used to specify the stopping 
condition. 
Regular Nodes: Nodes which do no have 
special functions other than the 
receiving and the routing of 
transactions. 
Queue Nodes: Nodes at which transactions 
may wait for service activities. 
Statistics are automatically collected 
on queue nodes. 
Blocking: Enforced idleness on a service 
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activity due to the Inability to route a 
transaction to the queue node following the 
service activity. 
- Branch(non»solid): The networlc representation 
of the routing of transactions without their 
passing through an activity, 
- Branch(solld): The networlc representation for 
an activity or service activity. 
- Branching: Routing. 
- Choice Criterion: Specification of the 
attribute value that should be retained when 
transactions are accumulated at a node. For 
basic QGERT only F (first) and L (last) are 
defined. 
- Decisions: The routing procedures for 
transactions. 
- Deterministic Branching: The selection of 
each branch emanating from a node. A 
duplicate transaction flows over each branch 
emanating from a node with the deterministic 
branching specification. 
- Events: Points in time at which the status of 
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transactions and servers can change. 
Network: A system of nodes and branches that 
model, a process. 
Network Symbols: The graphical portrayal of 
concepts to permit the construction of visual 
models. 
Node: The network representation for decision 
points, end of activity events and routing. 
Probabilistic Branching: Selection of one of 
a set of branches emanating from a node. The 
probability of selecting each branch is part 
of the activity description for the branch. 
The sum of the probabilities of branches 
emanating from a node with probabilistic 
branching must be 1, 
Process: A sequence of activities, events and 
decisions that regulate the flow of 
transactions. 
Queue Ranking Rules: specification for 
ordering transaction in queue nodes. 
Service Activity: An activity that can 
process  only  a  prescribed  number  of 
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transactions at one time. 
- Tine Delay Specification: A distribution type 
or function type prescribed to a branch. For 
each branch, a parameter set number or 
constant value is also prescribed to provide 
the parameters to be used in conjunction with 
the distribution type or function type. 
- Transaction: An entity or item, 
2.4 The Q-GtRT" Program 
The analysis of a Q-GERT network is performed on a 
digital: computer by the Q-GERT Analysis Program. The 
Q-GERT Analysis Program employs simulation techniques 
to analyze the flow of transactions through the network 
in order to obtain statistical estimates of the 
quantities prescribed on the Q-GERT network. The 
completion of one simulation run of the network can be 
defined by specifying any of the followina quantities: 
1. The number of transactions reaching sink 
nodes 
2. The number of sink nodes to be released 
3. A specified time period 
These values and other information concerning the 
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analysis procedure are specified on one data input card 
to the Q-GERT Analysis Program. An additional data 
card is used to indicate the end of data input. All 
other data cards for the Q-GERT Analysis Program are 
used to describe the Q-GERT network elements. 
For the basic concepts, a data card is required 
for each node, activity and parameter set included in 
the network:. 
The Q-GERT Analysis Program employs discrete event 
procedures to simulate the flow of transactions through 
a network:. Basically, only one event type is included 
in the program: the arrival of of a transaction at a 
node.. All the decision logic that can occur when a 
transaction arrives at a node are Included in the 
program and the appropriate actions are taken based on 
the network; model provided by the analyst. This 
Includes the collection of statistical quantities. 
To start the analysis program after the network 
has been described each source node for the network is 
evaluated. The start of the simulation is equivalent to 
an arrival of a transaction at the source node, 
transactions are generated and marked and then are 
routed according to the branching characteristics 
prescribed for the source node. The performance of 
activities associated with each branch selected from 
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the source nodes are simulated by selecting a time for 
the activity in accordance with the distribution type 
and parameter values prescribed for the activity. An 
event corresponding to the arrival of the transaction 
at the end node of the activity is scheduled and placed 
on an event calendar. 
When all: source nodes have been considered In this 
fashion, time is advanced to the time of the next event 
which is removed from the event calendar. The type of 
node to which the transaction is arriving is examined. 
If it is not a queue node, the number of Incoming 
transactions to release the node Is decreased by l. If 
the node is not released, it requires more incoming 
transactions, no further action Is taken and time can 
be advanced to the next event time. If the node is 
released, statistics are collected if necessary, 
mariclng is performed if necessary, and the transaction 
is routed along the branches emanating from the node 
Just released. If the node has probabilistic branching, 
a selection of one branch Is made using a pseudo-random 
number generator. For each branch selected, an activity 
time Is obtained and the transaction Is scheduled to 
arrive at the end node at the current time plus the 
activity time. After all branches have been selected 
and their associated events scheduled, the next event 
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is removed from the event calendar and the above 
process is repeated. 
When a. transaction arrives at a queue node, a 
check is made to see if the queue is full. If it is, 
the transaction either balks and is lost to the system 
or if blocking occurs the service activity which Just 
completed processing the transaction is not made 
available for processing another transaction. 
If the queue is not full but* servers following the 
queue are all: busy, the transaction is placed in the 
queue in the position determined by the queue 
discipline in effect for that queue node. If a server 
is available, the transaction is scheduled to arrive at 
the node following the service activity at the current 
time plus the service time, statistics are maintained 
on the number of transactions in the queue and the busy 
time for servers. 
When a transaction completes a service activity, 
additional processing must be performed. Not only must 
the transaction be routed to the end node of the 
service activity, but the disposition of the service 
activity must be considered. The logic involved in 
determining the disposition of the service activity 
involves examining the queue node, associated with the 
service activity. 
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When a: transaction arrives at a sink node, a check 
is made to see if the simulation run is completed. If 
not, the process continues, if the run is completed, 
summary statistics for one run of the simulation are 
stored. In addition the total time from the event 
calendar is examined and if all time has expired, the 
simulation run of the network is considered to be 
completed, and statistics on the run are stored. 
The data cards required by the Q-GERT Analysis 
Program are uniquely identified with a three character 
alphanumeric identification (ID) specified in the first 
field of the card. Hore characters can be used as the 
card identifier, but only the first three characters 
are significant. Valid card types for the basic 
concepts are: 
1. GEN - general project information 
2. REG - regular node description 
3. SOU - source node description 
4. SIM - sink node description 
5. STA - statistics node description 
6. QUE - queue node description 
7. PAR - parameter set values 
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8. ACT - activity description 
9. BEG - signals beginning of a new 
networkCused only when multiple networks are 
to be analyzed) 
10. FIN - signals endCfinish)  of all  Q-GERT 
input 
The order in which data cards are submitted for 
processing is very flexible. The first card of a dec* 
describing a network roust be a GEN card. The last card 
for a network must be a BEG card or a FIN card. BEG 
cards Indicate the end of one network description and 
the beginning of the cards that describe a new network. 
A FIN card Indicates the end of the last network 
description. The only other requirement regarding card 
order is that the start node referenced on ACT 
(activity) card must be defined prior to the ACT card. 
Node definitions are given by REG, SOU, SIN, STA and 
QUE cards. 
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3,. Applicon Graphics Systen/880 
3.1 Introduction 
The Applicon system is a computer-aided, 
Interactive design system. It uses hardware comprised 
of the following: 
- Tabletizer terminal 
- Central processing facility 
• Peripheral equipment. 
Software consists of both a system operating 
program and user command and interface programs. The 
system operating program controls the entire system. 
User commands and Interface programs aid in drawing 
construction. The Applicon system also provides the 
capability for the user written application programs 
using the AGS 881 FORTRAN interface and the 882 MACRO 
interface utilities. These utilities permit the system 
data base to be accessed and modified if desired. 
3.2 Operating: Concepts 
The following sections describe the relevant 
operating characteristics of the Applicon hardware. 
27 
3.2.1 Tabletizer Terminal; 
The Tabletlzer terminal is the work station where 
the user performs drawing activities and manipulates 
system functions. Each station is an independent 
graphics I/O terminal. The terminal Is equipped with 
devices that replace the traditional drawing board, 
paper, and drawing Instruments. These are: 
- Graphics display(CRT) 
- Tablet and pen 
- Alphanumeric keyboard 
- Function Keyboard 
The tablet and pen, the alphanumeric keyboard, and 
the function keyboard are the input devices which the 
designer uses to enter system commands and coordinate 
information into the system. 
The tablet and electronic pen, or stylus, are used 
to enter hand-drawn symbols that represent system 
commands. The designer uses a number of these symbols 
when creating a drawing. The system has a unique 
built-in tablet symbol recognition feature to interpret 
symbols as commands. 
The alphanumeric keyboard, which resembles a 
typewriter, is used to enter alphabetic, numeric, and 
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special characters. Although the user can enter 
drawing commands through the keyboard, this device is 
used largely to type in text, numbers, and commands 
that are not defined by a tablet symbol. 
The terminal is used to view activities on the 
screen and to control drawing operations. The screen 
displays the designer's artwork* data entries, system 
status, error, and verification messages. A small 
cursor moves about on the screen when the operator 
enters data: through the tablet or the keyboard. 
The function keyboard is an array of 64 
microswltches in an 8 x 8 matrix. Each key represents 
a function that the operator predefines on a menu 
layout which the operator places over the 
microswltches. By pressing a function key, also called 
a function button, the operator activates specific 
system commands. 
3.2.2 Central: Processing Facility 
The central processing facility (CPF) Is the 
control point for the interactive graphics terminals 
and their devices. This facility processes, stores, 
and retrieves data; and monitors communication flow 
between the user and all parts of the system. The 
following units make up the CPF: 
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- central; processor 
- disk drive subsystem 
• magnetic tape subsystem 
A Digital; PDP-11 central processor within the CPF 
acts upon the commands the user enters through the 
input devices. Its functions are: 
1. Input - receives commands from the user, 
2. Processing - ' creates, manipulates, and 
changes data according to the nature of a 
command. 
3. Output - transmits new or updated data to 
the graphics display, peripheral devices, or 
another computer. 
The operating system, or software that governs the 
functions of the CPF, makes possible the creation of 
file structures (drawings) on disk and the entry, 
storage, transfer, and retrieval of information. 
The dis»c, a storage device that contains the 
operating program and the user-created files 
(drawings), is mounted in the disk subsystem. 
When the system Is in operation, the user accesses 
information from, and records information to the disk. 
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3.2.3 The Drawing File 
There are three user-created parts to a drawing 
file: 
1. The dictionary 
2. The library 
3. The drawing 
The dictionary contains the names, hand-drawn 
symbols, and menus that define and Identify specific 
commands or strings of commands. Many of these 
commands relate to the development and movement of 
drawing components. To create the library and drawing, 
the user should have a dictionary. 
The library of definitions contains simple and 
complex* graphics components that the user assembles 
Into entire drawings. For example, the library may 
include solid as well as dotted lines, and frequently 
used drafting symbols. 
The user assembles a drawing from the graphics 
components in the library. The user may add or delete 
details on a drawing, manipulate components of the 
drawings, store the drawing in the drawing file, or 
output the drawing to the plotter. 
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3.2.4 Operating: Modes 
The system has five major operating states, or 
modes, in which the user can perform certain functions. 
These are: Control (CTRL), Edit (EDIT), Edit Component 
CECMP), Edit Text (ETXT), and Teach (TEAC). The user, 
when working at the terminal, may easily switch from 
one operating- mode to another by giving the command for 
entering that mode. 
When the system Is powered up, It comes up In 
Control Mode. Hence, Control Mode is the starting mode 
for system operations. The Control Mode functions are: 
- Log In and out of the system. 
- Load and store drawing flies. 
- Copy flies to disk. 
- Obtain  lists of information about files * 
stored on disk. 
- Obtain information on system devices and 
activities. 
- Manipulate devices and activities to optimize 
production, 
- Change to any of the other operating modes. 
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In Edit Mode, the operator uses commands to 
arrange components Into drawings. Typical functions 
that the user performs in this mode are: 
- Add components to a new or existing drawing, 
- Delete, copy, rotate, move, and scale 
components on a drawing. 
- Manipulate views, zoom in on particular 
features, or show the drawing from different 
points of view. 
- Remove, components temporarily from the 
display and then restore them to the viewing 
screen. 
• Output drawings to a plotter. 
- Change to other modes. 
Edit Component Mode is the operating mode where 
the user creates a variety of library components. The 
user can; 
- Develop new components. 
- Modify existing components. 
- Change to any of the other modes. 
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In Teach Wode, the user develops the dictionary of 
command definitions. The user can: 
- Generate  tablet  symbols and names that 
represent commands. 
- Develop command sequences (macros). 
• Revise or delete existing definitions. 
• Assign commands to a menu layout. 
- Return- the system to its previous operating 
mode. 
3.3 ACS' FORTRAN' Interface 
The Applicon AGS FORTRAN Interface is a tool that 
permits the user to write specialized FORTRAN programs 
that can access the AGS data. base. The programs, 
called user commands or UCMD's, may analyze or modify 
the drawing, or they may be written to provide a 
function not provided in the standard AGS software. 
The basic 880 system is a powerful package for the 
creation, modification, and display of three 
dimensional drawing, but it is not designed to handle 
every kind of specialized processing which users might 
wish to do. AGS FORTRAN permits users to write custom 
software to tailor their system for their specific 
34 
application. 
The AGS Interface supports the following features: 
- Drawing Structure Access (DSA) routines which 
Include a full range of read, modify, add, 
and delete functions, 
• Filtering attributes which may be specified 
to filter out those components which a 
particular UCMD need not examine. For 
example, a user might wish to filter out all 
drawing, components which are not warped 
surfaces. This can greatly speed up 
processing in many cases. 
- Cell expansion which allows each cell 
encountered by a UCMD to be optionally 
expanded into its component parts for 
analysis or passed over without expansion. 
• Disk: buffering which is provided because the 
actual: drawing data structure is very compact 
and would be difficult for a FORTRAN program 
to read. The AGS Interface eliminates this 
problea by expanding the drawing component 
information as needed and storing this 
expanded version into a separate, easily 
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accessed disk buffer. 
- Comprehensive error processing which provides 
a complete set of execution error messages, 
and optionally, the means for users to write 
their own error-handling routines, 
- Terminal I/O which provides routines to 
output messages to the graphics display and 
receive input from the station keyboard 
during execution of a UCMD. User commands 
may therefore contain interactive command 
sequences to give the user a great deal of 
flexibility and control. 
User commands consist of one or more overlays 
'(program segments) which reside on the disk. To 
execute a FORTRAN user command, the user types: UCMD n 
where n is the identifying number of the user command. 
The appropriate programs are brought into memory 
from disk and -start executing. These programs may 
overwrite a. large area of memory, Including information 
which might later be needed by AGS, so Important memory 
areas are copied to disk before a user command runs. 
When the user command completes execution, these saved 
areas are restored, and normal activity resumes. 
Once the UCMD begins execution, it will need to 
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access the current drawing to obtain Information about 
its makeup and possibly to modify, add, or delete 
components. The collective name for the tastes which 
perform this function Is Data Structure Access (DSA). 
The AGS Interface provides all the DSA routines 
necessary for a user to manipulate any drawing. 
37 
4,. Graphics Concepts for Q-GERT Systems Design 
4.1 Introduction 
The design of Q-GERT simulations Is primarily a 
taste of node type selection and placement, the 
simulation designer spends much time making crude 
drawings of- the simulation structure and constantly 
revising them by either erasing and/or redrawing. This 
type of design method is exactly the type where an 
interactive graphics system could be of tremendous 
advantage. In much the same manner as a mechanical 
engineer who uses- the graphics system in the creation 
of engineering drawings, the simulation design engineer 
could create a Q-GERT network by using a somewhat trial 
and error approach to component selection and 
placement. The complete simulation design procedure 
would proceed similar to the following: 
1. The engineer conceptualizes the structure of 
the simulation model in much the manner that 
it is done now. This is the "pure think" 
part of the process. 
2. The engineer sits at the graphics terminal 
and creates a graphical representation of 
the concepts formulated in step 1. This i 
involves  the  selection, placement, and 
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labeling of all Q-GERT components needed for 
the simulation. 
3. Once the simulation has been created, a 
"hard copy" may be created using the system 
plotter. This is useful for documentation 
and also to study details of the entire 
simulation that may not be apparent on a 19 
inch graphics screen. 
4. Once the engineer Is satisfied that the 
simulation is correct, the engineer will 
invoice an application program. This program 
accesses the graphics data base, analyzes 
the simulation drawing, and constructs a 
Q-GERT source language simulation program. 
These features are of tremendous advantage 
to the engineer since the mechanical aspects 
of this phase are the most tedious part of 
the simulation design process. 
5. The Q-GERT source language program serves as 
Inputs to the Q-GERT simulation package which 
Is resident on the CDC Cyber 720 computer. 
The creation of a direct linfc between the 
Appllcon system and the Cyber 720 Is not 
addressed by this document. 
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The system is a significant improvement to the 
Q-GERT simulation design process. It enables an 
engineer to be free of most all of the mundane work 
Involved in simulation' development and enable the 
engineer to concentrate on the engineering part of the 
design process, 
4.2 Q-GERT' in the- AGS world' 
The AGS world is the three dimensional space in 
which a drawing' is constructed. The engineer should be 
aware of the AGS world as a grid of points. A drawing 
component (source node, queue node, activity, etc) will 
always have its end adjacent to a fundamental grid 
point. The origin (0,0,0) is at the center of the AGS 
world. 
At any time the user may look at a portion or all of 
this world. The volume of the AGS world that is 
displayed at any one time is known as the view cube.. 
The view cube may be positioned anywhere within the 
world and may have its size changed. 
NOTE: Although AGS-880 is a three dimensional 
system, the Q-GERT design system will only use a two 
dimensional- slice of this three dimensional world. All 
network drawings will be placed on the plane defined by 
Z = 0. 
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4.3 User Interface Features 
The four system features which compose the user 
Interface are: 
- Dictionary 
- Menus 
- Tablet' and Pen 
- Alphanumeric Keyboard 
A dictionary enables the user to implement a 
number of graphics and non-graphics operations through 
a: single or multiple command entries activated from the 
tablet, function keyboard, or alphanumeric keyboard. By 
manipulating the command definitions in the dictionary, 
the user can develop a. number of personalized 
techniques for creating, revising, and plotting 
drawings at the graphics terminal'. 
Menus serve to reduce the process of command input 
and execution to mere button pushing. The menus are 
defined in the dictionary and are used on both the 
small tablet and the function keyboard. The advantage 
in using menus is that the engineer need not remember 
tablet strokes or command sequence names. Each menu 
button is labelled with the command or sequence that it 
represents. 
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The following sections describe in detail the 
tablet menu, the function keyboard menu, the tablet 
strokes, and the associated dictionary definitions used 
in the Q-GERT design system. 
4.3.1 Function Keyboard Menu 
1/1    Switch Name: GG 
Macro Expansion: GOSH; 
Description: Depression of this switch forces 
execution of all buffered commands. This 
causes changes which have been made to the 
drawing to be displayed but does not cause the 
screen to be repainted. 
1.2 Switch Name: ADDS: 
Macro Expansion: ADDS:; 
Description: This command puts the Q-GERT 
design system into a mode where it Is expecting 
digitizing inputs for the addition of drawing 
components. The components are added in a 
"selected" state. Normally this command is 
given before cells are added by depressing the 
DF key. 
1.3 Switch Name: SELECT CELL 
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Macro Expansion: SELC;DS;DF;GOSH; 
Description: This switch can be used to select 
a ceil. The user places the cursor over the 
cell to be selected and then depresses the 
switch. The cell will be selected and a 
"butterfly" will be displayed a the origin of 
the cell. 
1.4 Switch Name: DELS 
Macro Expansion: UNDR:GOSH;DELS; 
Description: Depressing this switch cause all 
selected components to be "undrawn" from the 
screen, i.e., they disappear. However, they 
haw not been removed from the data base. They 
will- not be deleted from the data base until a 
"GO" class command is issued (GO, GOSH, GONO). 
If the user decides she does not want to delete 
the component(s) from the data base she may 
"KILL" the delete command (See KILL switch 
3,4). 
1.5 Switch Name: TOGGLE OUTLINE 
Macro Expansion: OLIN; 
Description: This switch has a toggle action, 
i.e., alternately toggling the outline function 
on and off.  When this function is on, it 
43 
causes the outline of cells to be displayed 
rather than the actual ceil structure. This 
Improves repaint time and reduces screen 
clutter. 
1.6 switch Name: GET 
Macro Expansion: GET;GOSH; 
Description: This switch causes all components 
that were previously saved In Bin 1 to be 
returned to the drawing. The components are 
returned In an unselected state. 
1.7 Switch Name: WIN 
Macro Expansion: VUEL;G0; 
Description: This switch causes the current 
view cube to move to the left a distance equal 
to one half its current width. 
1.8 Switch Name: VIEW 
Macro Expansion: VIEW;VMOR;GO; 
Description: This switch causes the entire 
drawing to be displayed on the screen. 
2,1    Switch Name: DF 
Macro Expansion: DF; 
Description: Digitize finish. This switch ends 
a digitizing sequence. The coordinates of the 
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cursor at the tine the switch is depressed are 
the last coordinates entered in the sequence, 
2.2 switch Name: ADD: 
Macro Expansion: ADD:; 
Description: This command puts the Q-GERT 
design system into a mode where it is expecting 
digitizing inputs for the addition of drawing 
components. The components are added in a 
■unselected" state. Normally this command is 
giv^n before cells are added by depressing the 
DF key, or polyarcs are added with 0S DC DF 
sequences. 
1.3 Switch Name: MOVE FROM HERE 
Macro Expansion: UNDR;MOVE:;DS; 
Description: This switch is used as the first 
of a two switch depression. A component must 
be selected first. Upon depression of this 
switch, the selected component(s) is undrawn 
and the first of two vectors is enterd for the 
digitize move command. A subsequent switch 
depression (4,3) will cause the cell to move 
and then reappear. 
2.4 Switch Name: UNSA 
Macro Expansion: UNSA; 
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Description: The switch causes every component 
in the drawing regardless of whether it is on 
an editable level to become unselected. 
2.5 Switch Name: SVUE 
Macro Expansion: SVUE i;GOWO; 
Description: This switch causes the current 
view to be saved a view i. 
2.6 Switch Name: GETS 
Macro Expansion: GETS;GOSH; 
Description: This switch causes all components 
that were previously saved in Bin 1 to be 
returned to the drawing. The components are 
returned in a selected state. 
2,7    switch Name: WIN 
Macro Expansion: VUER;GO; 
Description: This switch causes the current 
view cube to move to the right a distance equal 
to one half its current width. 
2,8    Switch Name:VMOR 
Macro Expansion: VMOR:GO: 
Description: This switch doubles the width of 
the view cube and then repaints the drawing. 
3,1    Switch Name: DC 
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Macro Expansion: DC; 
Description: Digitize continue command. When 
adding polyarcs as a series of line segments, 
this switch results in a. vertice be entered for 
the polyarc line segment. It is used to start 
a multiverticed polyarc. When following a OS 
in a digitize sequence, it enters an additional 
coordinate need to add an arc. See AGS/880 
user's manual, chapter 9, for a more compete 
description. 
3.2 Switch Name: Kl 
Macro Expansion: KI; 
Description: This switch is used to abort a 
digitizing sequence. The switch is 
particularly useful when the user continues to 
get "sequence error" messages. 
3.3 Switch Name: COPY FROM HERE 
Macro Expansion: COPY:;DS; 
Description: This switch is the first switch in 
a two switch depression sequence to copy a 
component. The second switch in the sequence is 
4,3 (TO HERE). 
3.4 Switch Name: KILL 
Macro Expansion: KILL; 
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Description: The switch will delete the last 
command from the buffer. NOTE: the buffer 
contains all unexecuted commands. You are out 
of luck: if you have executed a "GO" class 
command. If you want to delete more than just 
the last command, either do multiple 
depressions or type KILL n, where n the the 
number of commands to delete. 
3/5    Switch Name: GVUE 
Macro Expansion: GVUE 1;G0; 
Description: This command causes the view which 
is stored as view 1 to be displayed. This 
switch is most useful when used in combination 
with switch 2,5 (SVUE). 
3.6 Switch Name: SAVE 
Macro Expansion: SAVE;G0N0.; 
Description: This switch causes the unselected 
components to be saved in bin 1. The save bins 
are frequently used for temporary storage of 
components to decrease screen clutter and to 
protect finished sections of the drawing from 
accidental editing. 
3.7 Switch Name: WIN 
Macro Expansion: VUEU;GO; 
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Description: This switch causes the current 
vie* cube to move up a distance equal to one 
half Its current width. 
3,8    switch Name: MVUE 
Macro Expansion: MVUE:;DS; 
Description: This switch is the first of a two 
switch depression sequence. It uses the move 
view command In a digitized mode. The user 
positions the cursor at one position and then 
depresses this switch. She then postions the 
cursor at a second position and depresses 
switch 4,3 (TO HERE). The view cube is move a 
vector distance equal to the difference of the 
cursor position at the time of the two switch 
depressions. 
4.1 Switch Same:  DS 
Macro Expansion: DS; 
Description: The digitize start command. When 
adding polyarcs, this indicates the start of an 
arc sequence. 
4.2 Switch Name: DP 
Macro Expansion: DP; 
Description: This switch will delete the last 
digitized DS, DC, or DF point, tip to ten DP's 
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may be given deleting up to ten points. DP 
will only delete a DF if given directly after 
the OF. A OS after the DF will finalize the DF 
and prohibit deleting the DF and points before 
the DF. 
4.3 switch Name: TO HERE 
Macro Expansion: DF;GOSH; 
Description: The switch is used for a number of 
two switch depression functions. It enters in 
the DF point and executes the buffered 
commands. 
4.4 switch Name: PMNU: 
Macro Expansion: PMNU:; 
Description: This switch is used in conjunction 
with subsequent DS and DF entries to position 
the tablet menu. The DS and DF entries (either 
switch or stroke entries) are given at the 
lower left and upper right corners 
respectively. 
4.5 Switch Name: GRID 
Macro Expansion: GRID 
Description: Gives the GRID command. If 
followed by numeric entries from the 
alpahumeric keyboard it can be used to change 
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grid size. If followed by a 'GO' class command 
it will toggle the grid on/off. 
4.6 Switch Name: SAVS 
Macro Expansion: SAVS;GOMO.; 
Description: This switch causes all selected 
components to be saved in bin  1.  This is 
useful: for temporary storage of components to 
decrease screen clutter and to protect finished 
sections  of  the  drawing from accidental 
editing. 
1.7 Switch Name: WIN 
Macro Expansion: VUED;GO; 
Description: This switch causes the current 
view cube to move down a distance equal to one 
half its current width. 
4.8 Switch Name: CVUE HERE 
Macro Expansion: CVUE:;DF?GO; 
Description: This switch is used as a 
digitizing function inorder to position the 
view cube. The user positions the cursor at 
the coordinates where she wants the view cube 
positioned and then depresses this switch. The 
screen will be repainted with the cube 
positioned at the cursor coordinates. 
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5,1    switch Name: NODE # 
Macro Expansion: TTXT l;GO.NO; 
Description: This switch Is used to enter the 
node number Into the appropriate field of a 
node. In order to use this switch, the user 
first selects the cell and then depresses the 
switch. The user will be prompted to enter 
data. The user enters the text string followed 
by an end of command (EOC key). The text 
entered will appear after the execution of a GO 
or GOSH command. 
5,4    Switch Name:  ACT I 
Macro Expansion: SET 3Vl=<eDl-es);TTXT l evi; 
GONo; 
Description: This switch is used to attach an 
activity number to . an activity. To use this 
switch, the user must first select the 
activity. The cursor is then positioned at the 
coordinates where the activity number is to be 
positioned, and the user depresses the switch. 
• The user will then be prompted for the text. 
The user then enters the text followed by an 
end of command (EOC). The text will appear 
after execution of a GO or GOSH commmand. 
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5.5 Switch Name: TSIZ 1 
Macro Expansion:TSIZ 1;G0N0; 
Description:  This switch causes the default 
text size for adding text to be size 1. 
5.6 Switch Name: LOCK 45 
Macro Expansion: LOCK 45;GONO; 
Description: This switch sets the condition 
which snaps components to angles which are 
multiples of 45 degrees* 
5.7 Switch Name: SORT 
Macro Expansion: SORT 4 4;GONO; 
Description: This switch causes the drawing to 
be compacted and causes- components in the 
drawing to be grouped into 4 inch blocks. This 
reduces plotting time. 
5.8 Switch Name: CTRL 
Macro Expansion: CTRL;GO; 
Description: This switch causes a change to 
control mode. 
6,1    switch Name: INIT I 
Macro Expansion:TTXT i;GONO; 
Description: This switch is used to add the 
Inital' number In the queue for queue nodes and 
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the initial number of releases to release a 
node for other pertinent node types. The user 
must first select the node and then depress 
this switch. The user is prompted for text 
entry. The user enters the text followed by an 
end of command (EOC). The text added will 
appear after execution of the first GO or GOSH 
command. 
6,2 Switch Name: HOLDING CRITERIA 
Macro Expansion: TTXT 3;GOJJO? 
Description: This switch is used to add the 
holding criteria to nodes which have multiple 
transactions per release. The user must first 
select the node and then depress this switch. 
The user is prompted for text entry. The user 
enters the text followed by an end of command 
(EOC). The text added will appear after 
execution of the first GO or GOSH command. 
6,4    switch Name: PROB DIST 
Macro Expansion: SET pvls<?Dl-es};TTXT 2 GV1; 
GOMO; 
Description: This switch is used to attach the 
probability distribution type to activities. 
To use this switch, the user must first select 
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the activity. The cursor is then positioned at 
the coordinates where the probability 
distribution Is to be placed, and the user 
depresses the switch. The user will then be 
prompted for the text. The user then enters 
the text followed by an end of command (EOC). 
The text will appear after execution of a GO or 
GOSH command. 
5,5    Switch Name: TSIZ 2 
Macro ExpansionzTSIZ 2;G0N0; 
Description: This switch causes the default 
text size for adding text to be size 2. 
6,5    Switch Name: LOCK 0 
Macro Expansion:LOCK 0;GOWO; 
Description: This switch sets the mode so that 
lines which are added with a digitizing command 
can be added at any angle. 
6,7    Switch Hame: PLOT 8.5 x 11 
Macro Expansion: SET eci=WDTH;PLOT 1 8.5=eci 1 
I 0;G0; 
Description: This switch causes the current 
screen to be plotted to a size that will fit on 
an 8 1/2 by 11 inch sheet. 
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6,8    Switch Name: EDIT 
Macro Expansion: 
Description: This switch causes the system to 
enter edit mode. Upon entry to edit mode the 
BUTN command is given to define the switches 
for DS, DC, and DF. 
7.1 . switch Name: SUB # or MAX I 
Macro Expansion: TTXT 2;G0.NO; 
Description: This switch is used to add the 
maximun number of transactions allowed in a 
queue node or the number of transactions 
required by nodes other than queue nodes for 
release subsequent to the first release. To 
use this switch the user must first select the 
node and then depress the switch. The user 
will be prompted to enter the text. The user 
enters the text string followed by an end of 
command (EOC key). The text entered will 
appear after the execution of a GO or GOSH 
command. 
7.2 Switch Name: ATTRIBUTE 1 
Macro Expansion: TTXT 6;G0»V0; 
Description: this switch is used to add the 
characteristics of the first attribute of a 
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node, (MOTE: not necessarily attribute number 
one) To use this switch the user must first 
select the node and then depress the switch. 
The user will be prompted to enter the text. 
The user enters the text string followed by an 
end of command (EOC key). The text entered 
will appear after the execution of a GO or GOSH 
command, 
7,4    Switch Name: BRANCH PROB 
Macro Expansion: SET 3Vls{9Dl-es};TTXT 3 9Vi; 
GONO; 
Description: This switch Is used to attach the 
branch probability to activities. To use this 
switch, the user must first select the 
activity. The cursor is then positioned at the 
coordinates where the probability distribution 
Is to be placed, and the user depresses the 
switch. The user will then be prompted for the 
text.. The user then enters the text followed 
by an end of command (EOC). The text win 
appear after execution of a GO or GOSH command. 
7,5    Switch Name: ADD NOTE 
Macro Expansion: UNSA;USE Pi 16;ADDS:;DF;ATXT; 
Description: Depression of this switch allows 
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the user to add notes to her network. This 
switch causes a zero length polyarc to be 
created on level 16 and text to be attached to 
It. The user will be prompted to enter text. 
In this mode, semicolons and returns win be 
Interpreted as ascll characters. The only way 
to terminate text entry Is by the end of 
command key (COCO. The text will appear after 
the execution of a GO or GOSH command. 
7.7 Switch Name: PLOT 11 x 14 
Macro Expansion: SET 9Cl=WDTH;PLOT 1 11=0C1 1 1 
0;G0; 
Description: This switch causes the current 
screen to be plotted to a size that will fit on 
an 11 by 14 Inch sheet. 
7.8 Switch Name: STOR 
Macro Expansion: MESS FILEMES;STOR 
Description: This switch Is used to stor a 
file. Depression of the switch causes the user 
to be prompted for a file name. The user then 
enters a file name and a carriage return. The 
current drawing Is then stored under the file 
name entered. This switch can only be used In 
CTRL mode. 
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8.1 Switch Name: QUEUE DISCIPLINE 
Macro Expansion: TTXT 3;GONO; 
Description: This switch is used to add the 
queue ranking discipline to queue nodes. The 
user must first select the node and then 
depress this switch. The user is prompted for 
text entry. The user enters the text followed 
by an end of command (EOC). The text added 
will: appear after execution of the first GO or 
60SH command. 
8.2 Switch Name: ATTRIBUTE 2 
Macro Expansion: TTXT 7;GONO; 
Description: this switch is used to add the 
characteristics of the second attribute of a 
node. (NOTE: not necessarily attribute number 
two) To use this switch the user must first 
select the node and then depress the switch. 
The user win be prompted to enter the text. 
The user enters the text string followed by an 
end of command (EOC- Key). The text entered 
will appear after the execution of a GO or GOSH 
comaand. 
8,4    Switch Name: # SERVERS 
Macro Expansion: SET evi=<8Di-es>;TTXT 4 evi; 
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GOMO; 
Description: This switch is used to attach the 
number of servers to a service activity. To 
use this switch, the user must first select the 
activity. The cursor is then positioned at the 
coordinates where the probability distribution 
is to be placed, and the user depresses the 
switch. The user will then be prompted for the 
text. The user then enters the text followed 
by an end of command (COO. The text will 
appear after execution of a GO or GOSH command. 
8,5    switch Name: ETXT 
Macro Expansion: ETXT;GONO; 
Description: This switch causes the system to 
enter edit text mode. This mode can be used to 
add text to a selected component or to edit 
selected text. 
8,8    Switch Name: LOAD 
Macro Expansion: MESS FILEMESS;LOAD 
Description: This switch is used to load a 
drawing. Depression of the switch causes the 
user to be prompted for a file name. The user 
then enters a file name and a carriage return. 
The file corresponding to the name entered is 
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then loaded.  This switch can only be used In 
CTRL. mode. 
4.3.2 Tablet Menu 
The tablet offers a most convenient method of 
entering, commands. The tablet can serve as a function 
Keyboard by using a tablet menu. The user-defined menu 
is placed on the tablet to divide the surface into a 
number of segments. Each segment is a menu button and 
is activated (or pushed) with the pen. The segments 
(or buttons)' represent macros to define to the system 
the type of component to be used for additions to the 
drawing. When one segment (or button) is activated, by 
the stylus, the associated component is used. The 
tablet used for the Q-GERT system' is depicted in figure 
4-1. 
4.3.3 Tablet Strokes 
ADD Each of these four strokes adds a 
straight line starting at the nearest 
grid point to the beginning of the 
stroke and ending at the nearest grid 
point to the end of the stroke. The 
pen must be moved to the off position 
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Figure 4-1; Tabletizer terminal menu for 0-GERT 
62 
ofter inking each segment. These 
strokes must be horizontal or vertical. 
ADO Each of these four strokes adds a line 
beginning at the nearest grid point- to 
the beginning of the stroke and ending 
at the nearest grid point to the end of 
the stroke. They can be drawn at any 
angle except the horizontal or 
vertical. The line must be inked, then 
track to the dot* dot, and then move 
the pen to the off position. The dot 
must be at the end of the tablet 
stroke. 
ADDA This stroke draws an arc starting at 1 
and ending at 3 with its center at 2. 
The dots can be entered anywhere on the 
screen. However, the line must be 
drawn to the right of all the dots, and 
the pen cannot be moved to the off 
position until all the dots and the 
line have been inked. An interior arc 
( < 180 ) is drawn unless the dots are 
entered in such a way that dot 1 is 
nearest the beginning of the line (4). 
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ADDA 
AOOV 
ATXT 
COPY 
In this case an exterior arc (> 180) is 
drawn. 
This stroke draws a circle with its 
center at the beginning of 2 and with a 
radius equal to the distance between 1 
and 2. Move the pen to the off 
position only after both lines have 
been inked. 
This stroke adds a line to an existing 
geometry. The line extends from the 
first selected vertex CSELV) on the 
existing geometry to the grid point 
nearest the dot of the tablet stroke. 
The line must begin at the dot. 
This stroke allows the user to enter 
text. After inking the stroke the 
system will prompt the user to enter 
the test string. The string win begin 
at the grid point nearest the dot. The 
line should begin just to the right of 
the dot. 
This stroke causes all selected 
components to be copied a distance from 
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1 to 2 away from the original position. 
The original components are unselected 
and the new components are selected. 
The line must be inked to the right of 
both dots. The dots can be entered 
anywhere on the screen because only the 
distance and direction form 1 to 2 is 
used, not the actual locations of 1 and 
2. 
DELS This  stroke  causes  all  selected 
components to be deleted. It is 
Important to make sure that only the 
components to be deleted are selected. 
GO- This  stroke  forces  the immediate 
execution of a single command or a 
string of commands (all commands 
entered since the last GO or GOSH). It 
also causes the screen to be repainted. 
The RETURN key performs the same 
function. 
GOSH This  stroke  forces  the immediate 
execution of a single command or a 
string  of  commands  (all commands 
entered since the last GO or GOSH). It 
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does not cause the screen to be 
repainted. 
KILL This stroke deletes the last command 
given. It can be repeated to delete a 
string of commands. However, It cannot 
delete a GO, a GOSH, or any commands 
entered before a GO or GOSH. This 
command can be typed on the keyboard. 
Use <EOC> when typing KILL, not a 
RETURN (i.e., KILL<EOC>). 
MOVE This  stroke  causes  all  selected 
components to be moved a distance equal 
to the distance between 1 and 2 and In 
the direction from 1 to 2. Components 
can be moved In two dimensions at a 
time with this stroke. The dots can be 
anywhere on the screen because only the 
distance and direction from l to 2 is 
important. The line must be below the 
dots and must be drawn from left to 
right. The dots do not have to go from 
left to right. If the line is drawn 
too close to the dots the system will 
interpret this as a BRIK command. 
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SELC: This  stroke selects any components 
which lie within the rectangle formed 
by the starting and finishing points of 
the stroke with the stroke as the 
diagonal. 
SELV Like SELC, but only the ends of lines 
(vertices) which lie within the 
rectangle are selected, 
XYZG          This stroke causes the  system to 
display, on the screen an "X" on the 
nearest grid point, to the dot and the 
coordinates of the "X". 
UNSA This stroke unselects all components. 
After the execution of this stroke 
nothing is selected. 
UNSN Like UNSA, but only the parts of the 
components that lie within the 
rectangle are unselected. 
ZOOM This stroke zooms in on the part of the 
drawing that lies within the stroke. 
The complete stroke must be  inked 
without any tracking. The old view can 
be recovered by typing GVUE 7). 
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5. AGS/881 User Command 
5.1 Flowchart'description of the User Command 
The flowchart of the user command, generated for 
this research Is shown In figure 5-1. number and the 
array is Initialized or set to zero. Continuing with 
the Initialization the AGS/880 Fortran Interface 
supplies ai subroutine to Initialize the storage areas, 
or buffers in this case, of the data base. Once the 
data base buffers are initialized the AGS/880 routine 
to position the data base is used to set the pointer to 
the "topH, or first record, of the data base. These 
two AGS/880 routines must be executed before any other 
commands are executed against the data base. 
With all the storage areas such as in core arrays 
and the data: base buffers initialized, the user command 
proceeds with processing the drawing. The user command 
accomplishes this by retrieving an Item or record from 
the data base, and evaluating the record type. If the 
record type Indicates a poiyarc the user command 
processes a subroutine to operate on the poiyarc. 
First, it must be determined if the poiyarc is an ACT 
(service activity) or a BALK (balking). In the 
situation where it is determined to be a service 
activity, the coordinates of the start point and end 
point are stored in an in core array, for later cross 
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Figure 5-i* flowchart 
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Figure 5-i, continued 
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matching with nodes. Each of the text records are then 
retrieved and the information is stored in a storage 
area which represents the format of a Q-GERT card. 
When the polyarc is a. balk or routing component 
the coordinates of the starting and ending points are 
stored in an in core array for later cross matching 
with nodes. Also, a line is generated in a second 
array which will represents Q-GERT source card. 
When the record type indicates a cell the 
processing becomes more complex, simply because of the 
number of cells In the system. Each process Is 
described below: 
Source        When It is determined that the cell is 
a source node the coordinate position 
of the start of the node is stored and 
ending coordinate point is calculated. 
The ending coordinate point for a 
source node is most important because 
it is this point that will be cross 
matched with a service activity 
component starting . coordinate. It is 
this process that allows the required 
Q-GERT source language matching of 
nodes before and after service 
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activities. A similar process Is 
executed with the text records as was 
done with the activity component. The 
text items are retrieved from the data 
base and are stored in a storage area 
that represents the format of the 
Q-GERT source language. 
Regular       A regular node will be used in those 
instances when the engineer does not 
wish to use a source or sink node. 
Therefore, the processing followed when 
a cell is determined to be a regular 
node is the same as a source node. 
Queue Node     If the cell is determined to be a Queue 
node then the processing differs only 
slightly. Again the starting 
coordinate is stored in core and the 
ending coordinate of the node is 
calculated and stored. The text 
processing is handled in the same 
manner as the source node. That is, 
the text information is stored in a 
line of an array that resembles the 
Q-GERT source language format. 
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Block Queue Node 
A blocked queue is only a special 
situation that arises in the Q-GERT 
simulation. Therefore, the processing 
followed for this cell is the sane 
procedure followed for a Queue node. 
Probabilistic Nodes 
There are two types of probabilistic 
nodes handled by the user command. The 
difference between the two is  the 
addition of the marking area in the 
longer of the two nodes. This presents 
no major processing problems.   The 
procedure  starts'  by  storing  the 
starting coordinate for  the  cross 
reference  matching.     It is then 
determined what  is  the  type  of 
probabilistic cell.  An indicator, or 
commonly known as a flag,  is set to 
show what type of probabilistic cell 
the user command is dealing with. Once 
this is known the procedure followed 
for the text processing is the same as 
the previous nodes.   With the text 
processing complete the indicator for 
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the type of probabilistic cell is reset 
to a null character to prevent any 
possible chance of processing a 
subsequent probabilistic cell 
improperly. 
Attribute Node By using attributes, an engineer can 
Incorporate a significant amount of 
flexibility in a Q-GERT network. 
Attributes are assigned to the 
transactions in the network, and any 
node in a Q-GERT network can be used to 
perform this assignment function. 
Therefore, the processing is rather 
simple. The starting coordinate is 
stored in core and the ending 
coordinate is calculated and stored in 
the same storage area. The text for 
the attribute node is processed tag by 
tag and stored in the buffer area that 
resembles the Q-GERT source language. 
It is unnecessary for the engineers to 
be concerned about the text tags that 
relate to attribute areas that are not 
filled in. The program ignores any 
attribute that is empty. 
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Conditional: For conditional branching/ a condition 
is specified that must be satisfied if 
the transaction is to be routed through 
the branch. Conditions are specified in 
terms of four system or transaction 
attributes: 
1. the time at which routing is 
to occur; 
2. the prior release of a node; 
3. the value of an attribute in 
comparison to a criterion 
value; and 
4. the value of an attribute in 
comparison with another 
attribute value. 
The two branching type of conditional 
branching are 
- conditional  branching  — 
take first 
- conditional  branching  — 
take all. 
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This definition of a conditional node 
presents no major processing problems 
to the user command. Therefore, the 
processing is rather simple. The 
starting coordinate is stored in core 
and the ending coordinate is calculated 
for storage in the same storage area. 
The text for the conditional node is 
stored in the area that resembles the 
Q-GERT-source language. 
If the record type indicate the end of the drawing 
the processing becomes much more complex. The storage 
areas that were used to hold the coordinates of the 
nodes and the polyarc (service activities and balking) 
are cross matched to verify that the service activities 
nave before and after nodes for the Q-GERT source 
language code. With this major part of the processing 
complete the empty spaces of the Q-GERT source language 
core array are filled in with the proper information. 
Each of the lines of code are then displayed on the CRT 
of the terminal for the engineer. This completes the 
processing of the user command. 
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6. Creating A Q-GERT Drawing Using the Applicon 
Graphics system 
6.1 Introduction 
Step by step procedures are given to enable an 
engineer to create a Q-GERT simulation network drawing 
using the tablet strokes and menu buttons previously 
explained. The engineer has three devices available to 
communicate commands to the system: The alphanumeric 
keyboard, the stylus and tablet, and the function 
keyboard. 
6.2 Log. on and Load the Library 
It is assumed the engineer is familiar with the 
Applicon/880 system. There are no changes to the 
Applicon Log on procedure, but an example of the 
procedure followed is given. The access identification 
used throughout this chapter is "CEILEENJ" with the 
password of "THESIS", 
Step I        Check the graphics terminal to verify 
that the AGS/880 System is powered up 
and ready for operation. 
Step 2        On the keyboard type LOGI CEILEENJ then 
depress and release the RETURN" key, 
86 
The system will automatically prompt 
the engineer to supply the password. 
Therefore In response to the prompt 
"PASSWORD:" the engineer would type 
THESIS or the password of their access 
Id. 
Step 3        On the keyboard type CTRL then depress 
and release the RETURN key. 
Step 4 On the keyboard type LOAD O-GERT.  This 
will bring into the working area the 
O-GERT library. There will be no need 
for the engineer to redefine any of the 
commands for Q-GERT. There is the 
possibility though, if the engineer is 
interested in changing, adding, or 
deleting any symbol strokes that she 
feels necessary, TEAC mode can be 
entered. 
Step 5        At this point the engineer is ready to 
enter EDIT mode. This is accomplished 
by typing on the keyboard EDIT then 
deressing and releasing the RETURN key. 
Once this is done there win be a 
repition of some predefined macros on 
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the top of the screen before the 
drawing area is exposed. The engineer 
need not be concerned with these 
messages.  They are not error messages. 
Step 6        Once in edit mode,  the  predefined 
Q-GERT menus are activated. This 
includes the function keyboard and 
tabletizer. with these two menus, the 
alphanumeric Keyboard and a few library 
symbols the engineer begins designing 
the Q-GERT simulation. For this 
exercise the width of the drawing is 
set at 10 Inches. This is accomplished 
by typing WDTH 10; at the keyboard then 
depressing the RETURN key. 
The stylus is used to dot the menu 
picture of the source node on the 
tabletizer tablet. This enables the 
SRCE node macro. The engineer then 
uses the stylus to make an add stroke 
at the far left of the view on the 
screen. When this is completed a SRCE 
node picture appears on the screen. 
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This procedure is repeated for the 
addition of any new node to the 
drawing. If the same node is to be 
added at several different places then 
it is unnecessary to dot the menu 
picture of the desired node before the 
addition of the node. In this design 
situation, all that has to be performed 
is dot the menu picture and add as many 
nodes at the desired coordinates as 
necessary. 
Step 7        With  all  the nodes  in Place the 
engineer can select each node and add 
the text. This is accomplished by 
using the stylus and drawing a SELC 
stroke over the node for which the text 
is intended. Depress the associated 
button on the function Keyboard to 
enable the inclusion of the text, then 
type in the text at the alphanumeric 
keyboard, depress and release the end 
of command button and then the RETURN 
key. with all the text added to the 
node the engineer then draws the 
unselect all symbol with the stylus. 
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This procedure is repeated until all 
the nodes contain the text that is 
required for Q-GERT. 
Step 8 Once the drawing contains all the nodes 
necessary, the engineer can 
conveniently add the service activity 
lines or balk lines to the node. This 
procedure is similiar to the procedure 
for supplying nodes to the drawing. 
The engineer will dot the activity line 
on the tabletlzer tablet and add to the 
drawing. The difference in adding the 
service activity and balk lines to the 
drawing is the manner in which they are 
added, A simple add stroke is not 
sufficient. This type of component is 
most easily added using digitizing 
commands. To add a straight line from 
one node to a second the engineer only 
needs to hold the stylus on the 
tabletlzer tablet where the service 
activity or balk is to start and 
depress the DC button on the function 
keyboard. This marks the starting 
point for the service activity. The 
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end point is added similarly. The 
engineer holds the stylus on the 
tabletizer tablet where the service 
activity or balk is to end and then 
depresses the OF bututton on the 
function keyboard. When this is done 
the service activity or balk "arrow" 
appears. The text is added to the 
"arrow" in the same manner as the 
nodes. 
To add an arc service activity or balk 
the digitizing procedure differs 
slightly. The engineer holds the 
stylus on the tabletizer tablet where 
the service activity is to start and 
depresses the DS button on the function 
keyboard. Next the engineer holds the 
stylus on the tabletizer vhere the top 
of the arc is to appear and depresses 
the DC button on the function keyboard. 
The end point is added using the DF 
button in a manner similar to before. 
The engineer holds the stylus on the 
tabletizer tablet where the service 
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activity is to end and then depresses 
the DF button on the function keyboard. 
Step 9 with the Q-GBRT drawing complete the 
engineer can no* review what has been 
designed. If there are any changes or 
deletions or additions, it is only a 
matter of performing a tablet stroke on 
the tabletizer menu to redesign the 
model. tf the engineer is satisfied 
with the model, she types CTRL on the 
alphanumeric keyboard and depresses the 
RETURN key. The drawing must be stored 
on the data base in this mode. 
Step 10       The  engineer  now enters the user 
command name to execute the fortran 
program. This is accomplished by 
typing UCMD521 on the alphanumeric 
keyboard. The program executes and the 
Q-GFRT source necessary to perform the 
designed model simulation is generated 
and displayed on the CRT. It is the 
responsibility of the engineer to copy 
this source code and run It through the 
Q-GERT Analysis program. This was not 
92 
part of the scope of this research, 
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7, Example of- the use of Q-GERT Computer Aided Design 
7.1 Introduction 
The example given Is Intended to show the use of 
Q-GERT concepts applied to the graphical design on the 
Appllcon system. A statement of the problem Is 
provided Including the objective of the analysis. A 
description of the Q-GERT model Is then alven that 
outlines any special features associated with the 
problem. A brief discussion of the user command 
generated Inputs Is then provided 
7.2 Statement of Sample Problem 
The maintenance facility of a large manufacturer 
performs two operations. These operations must be 
performed in series/ operation 2 always follows 
operation 1. The units that are maintained are bulky, 
and space Is available for only eight units including 
the units being worked on. A proposed design leaves 
space for two units between the work stations, and 
space for four units before work station 1. The 
proposed design is illustrated in Figure 7-1. Current 
company policy is to subcontract the maintenance of a 
unit if it cannot gain access to the in-house facility. 
Historical data Indicates that the time interval 
between  requests for maintenance is exponentially 
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Figure 7-n A two work station maintenance system 
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distributed with a mean of .4 tine units. Service time 
are also exponentially distributed with the first 
station requiring on the average 0.25 time units and 
the second service station, 0.5 time units. Units are 
transported automatically from work station I to work 
station 2 in a negligible amount of time. If the queue 
of work station 2 is full, that is, if there are two 
units waiting for work station 2, the first work 
station is blocked and a unit cannot leave that 
station. A blocked work station cannot serve other 
units. 
To evaluate the proposed design, statistics on the 
following are to be obtained over a period of 300 time 
units: 
- (1) Work station utilization; 
- (2) Time to process a unit through the two 
work stations; 
- (3)  Number of units/tine unit  that are 
subcontracted; 
- (4) Number of units waiting for each work 
station; 
- (5)  Fraction of time work station t  is 
blocked. 
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7.3 Q-GERT' Model: 
The maintenance system described Is a common 
gueueing type system In which units can be represented 
by transactions that flow through the two work 
stations. The storage area preceding each work station 
is represented by a Q-node with the Q-node for work 
station 2 having a blocking capability to stop the 
processing of units by work station 1. Each work 
station is represented by a service activity with one 
server associated with each work station. The Q-GERT 
model for this system is shown in Figure 7-2. 
In Figure 7-2,node 5 Is used to generate arrivals 
to the production line. Q-node 10 represents the 
storage area: for work station 1. A capacity of 4 is 
assigned to the Q-node. Transactions that arrive when 
4 units are waiting for maintenance at work station 1 
balk to node 12. At node 12, the time between balking 
units is recorded. This represents the time between 
the subcontracting of units. 
Q-node 15 represents the storage area for work 
station 2. The blocking capability is shown by the two 
parallel lines preceding Q-node 15. Thus, if a 
maintenance operation is completed at work station 1 
(as represented by activity 1) when there are two 
transactions at Q-node 15, work station 1 will be 
97 
-Oh—HO O)*- 
O 
Figure 7-2J Q-GERT model of maintenance facility 
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blocked and no further processing by it will be allowed 
until work station 2 completes service on a unit, 
Node 20 is used to collect statistics on the time 
required for & unit to be processed by the maintenance 
facility involving the two work stations. For this 
model, the Q-GERT Analysis Program will be instructed 
to run an analysis for 300 time units in order to 
collect statistics on the utilization of each work 
station, the number of units waiting In each queue, the 
fraction of time that work station 1 is blocked, the 
number of units per unit time balking from Q-node 10, 
the time for a unit to be processed by the maintenance 
facility, and the time between the subcontracting of 
units. The data input required to execute the Q-GERT 
Analysis Program generated by this1 research Is shown in 
Figure 7-3. 
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GEN,PLEBANI,MAINT-FAC,6,30, 1982, 2, 0, 0, 300., 1* 
500,5,0,1* 
'ACT,5,5,EX,3,3* 
PAR,3,.4,0.,100. 
>CT,5,10* 
Figure: 7-3: Sample problem Q-GERT input code 
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8, Area!* for; Future Study 
The research performed as part of this thesis 
provides a base for the development of a complete 
Q-GERT simulation design system. The following 
enhancements and additions are areas for .future study. 
1. Addition of all Q-GERT node types: The 
system created for this thesis implemented a 
basic* subset of Q-GERT in order to 
demonstrate the feasibility of the computer 
aided design system. Additional node types 
and branching conditions should be added. 
2. Provide for user written code: The Q-GERT 
system provides the user with the ability to 
write her own FORTRAN routines to manipulate 
Q-GERT variables if her requirements cannot 
be net by the standard Q-GERT features. 
This should be Incorporated into a design 
system. This will require providing an 
interface for the user with RSX-ltM so that 
FORTRAN code may be easily created, 
debugged, and linked to the graphic portion 
of the simulation. 
3. Direct link to host computer: The output of 
the basic system was Q-GERT source code that 
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was listed on the CRT or optionally on the 
printing terminal. This required the user 
to manually enter the Q-GERT source code 
Into the computer where the Q=GERT analysis 
program was resident, A "hardwire" link 
could be created between the APPLICON and 
the QsGERT host computer so that the Q=GERT 
source could be directly loaded upon 
generation* 
4, Resident Q=GERT system with graphics summary 
output: A alternative configuration is to 
modify the Q-GERT program so that it will 
run on the APPLICON host computer. This 
would then offer the opportunity to have the 
Q=GERT summary output presented as graphs 
and charts In addition to the pure 
statistics and printer plots that the 
current system offers. This would 
definitely enhance the communications 
aspects of the system. 
5. Resident Q-GERT system with .dynamic graphics 
output: If the Q-GERT analysis program were 
made resident on the APPLICON system, it 
would also be possible to create dynamic 
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graphical  output.    This would provide 
graphical Information to the user while the 
system  was  performing  Its  simulation 
calculations. This would have advantages m 
those situations where the user was not sure 
of appropriate stopping rules and she could 
monitor the output In a quasi real time 
fashion in order to determine  when  a 
sufficient  length  simulation  had been 
performed. 
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